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Summary
Purpose:  A  prospective  study  was  conducted  to  assess  the  role  of  coryneform  bacte-
ria  in  surgical  site  infections  among  obstetric  and  gynecological  patients  undergoing
surgery.
Materials  and  methods:  The  surgery  was  graded  according  to  the  degree  of  con-
tamination,  and  surgical  site  infections  (SSIs)  were  classiﬁed  as  superﬁcial  or  deep.
Pus  samples  were  collected  from  SSIs  according  to  rigorous  aseptic  precautions,  and
the  quality  of  specimens  was  assessed  by  Q-score.  A  detailed  clinical  and  treatment
history  was  elicited  from  all  patients.  The  samples  were  processed  using  standard
protocols.  Coryneform  bacteria  were  considered  signiﬁcant  pathogens  only  if  they
fulﬁlled  rigorous  clinical  and  microbiological  criteria.  Antibiotic  susceptibility  test-
ing  was  performed  using  the  Kirby—Bauer  method  according  to  the  CLSI  guidelines.
Results:  In  total,  127  patients  developed  SSIs  among  882  postoperative  patients.
Of  these,  89  (70.1%)  were  culture  positive:  40  (44.9%)  were  Gram-positive  cocci,
27  (30.3%)  were  coryneform,  and  22  (24.7%)  were  Gram-negative  bacilli.  All
coryneform-infected  patients  had  fever  and  post-operative  wound  dehiscence  lead-
ing  to  a  prolonged  hospital  stay.  The  most  commonly  isolated  organism  was
Staphylococcus  aureus  (33.7%),  followed  by  Corynebacterium  amycolatum  (11.2%),
Escherichia  coli  (8.9%),  Citrobacter  spp.  (7.8%)  and  coagulase-negative  Staphylo-
cocci  (6.7%).  In  our  study,  45.5%  were  ESBL  producers,  18.2%  were  Amp  C  producers,
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and  40%  were  MRSA.  All  the  coryneform  bacteria  were  multidrug  resistant,  and  51.8%
of  isolates  were  sensitive  to  only  gatiﬂoxacin  and  vancomycin.  Symptomatic  improve-
ment  was  observed  in  all  coryneform-infected  patients  after  the  administration  of
appropriate  therapy.
Conclusion:  Coryneform  bacteria  appear  to  be  emerging  as  signiﬁcant  nosocomial
he  high  level  of  multidrug  resistance  observed  in  coryneform
ause  for  alarm.
dulaziz  University  for  Health  Sciences.  Published  by  Elsevier
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to strict  aseptic  precautions  after  eliciting  detailed
clinical and  treatment  history.  The  samples  weresurgical  site  pathogens.  T
bacteria  in  our  study  is  c
©  2013  King  Saud  Bin  Ab
Ltd.  All  rights  reserved.
Introduction
Surgical  site  infections  (SSIs)  account  for  the
majority of  the  specimens  received  in  the  clini-
cal microbiology  laboratory.  Post-operative  wound
infection  delays  recovery  and  often  increases
the length  of  stay  and  may  produce  long-lasting
sequelae. It  requires  extra  resources  for  investi-
gation, management  and  nursing  care  [3]. With
advancement  in  many  ﬁelds  of  medicine,  we  have
witnessed  an  increase  in  the  number  of  hypoim-
mune patients,  who  are  particularly  susceptible  to
infections  [4].
Staphylococcus  aureus  is  typically  the  predom-
inant pathogen  in  SSIs,  although  the  etiology  may
include  both  Gram-positive  and  Gram-negative
bacteria [1,2].  Corynebacterium  spp.  are  widely
distributed  in  the  environment  and  are  frequent
commensals of  the  skin  and  mucous  membranes
[5].  Corynebacterium  spp.  have  become  a  focus
of attention,  as  there  are  increasing  reports  of
their isolation  from  patients  with  various  infec-
tions [6].  Molecular  and  chemotaxonomic  methods
have  successfully  been  used  in  the  last  decade
to redeﬁne  new  genera  and  species  and  reclas-
sify them.  This  has  led  to  a  renewed  interest  in
coryneform  bacteria  among  clinicians  and  micro-
biologists. Nevertheless,  few  studies  have  been
performed  regarding  their  clinical  and  medical
importance, and  their  presence  is  often  disregarded
as contamination  by  skin  ﬂora.  Emerging  antimicro-
bial resistance  in  various  coryneform  species  has
created an  additional  need  for  the  accurate  iden-
tiﬁcation  of  coryneform  bacteria  at  the  species
level, formulation  of  standard  antibiotic  testing
procedures, reformulation  of  empiric  treatment
and continuous  surveillance  of  their  resistance  pat-
terns.
This study  was  undertaken  to  evaluate  the  spec-
trum of  microbial  ﬂora,  with  special  reference  to
coryneform  bacteria,  in  SSIs  in  patients  undergoing
surgery to  assess  their  antimicrobial  susceptibility
pattern.
i
w
aaterials and methods
his  prospective  study  was  conducted  over  a  six-
onth  period  in  the  Departments  of  Microbiology
nd Obstetrics  and  Gynaecology  and  did  not  include
utbreaks.
Pre-operative  preparation  was  performed  using
ovidone-iodine  (Betadine)  and  70%  alcohol.  The
urgical pre-  and  peri-operative  antimicrobial
rophylaxis included  ampicillin,  gentamicin  and
etronidazole.  Recommendations  for  SSI  preven-
ion were  followed  as  closely  as  possible  by  the
urgical staff.  All  the  surgeries  were  elective  and
onducted  by  senior  surgeons  assisted  by  junior
taff. The  air  ﬂow  in  the  operation  theater  was
orizontal  parallel  air  ﬂow.  There  was  complete
ompliance with  the  guidelines  regarding  personal
rotective  equipment  (PPE).
The team  responsible  for  sample  collection  was
rained  on  SSI  deﬁnitions  as  outlined  below.  Infec-
ions were  classiﬁed  as  SSIs  if  they  occurred  within
0 days  after  the  operative  procedure.  Superﬁ-
ial incisional  SSIs  were  considered  if  (a)  purulent
rainage  was  observed  from  the  site;  (b)  organisms
ere isolated  from  an  aseptically  obtained  culture
f ﬂuid  or  tissue;  and  (c)  pain,  tenderness,  localized
welling,  or  redness  were  observed  in  the  lesion.
eep incisional  SSIs  were  diagnosed  if  (a)  purulent
rainage was  observed;  (b)  a wound  spontaneously
ehisced or  was  deliberately  opened  by  a  deep  inci-
ion in  patients  with  at  least  one  of  the  following
igns or  symptoms:  fever  (>38 ◦C),  localized  pain,
r tenderness;  and  (c)  an  abscess  or  other  evidence
f infection  was  noted.  The  empirical  treatment
or SSIs  in  our  center  is  amoxicillin-clavulanic  acid,
mikacin  or  third-generation  cephalosporins.
Pus  samples  were  collected  from  SSIs  accordingmmediately  transported  to  the  laboratory.  Patients
ere followed  up  until  discharge.
The quality  of  the  wound  samples  was
ssessed according  to  the  Q-score,  and  the
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cmergence  of  coryneform  bacteria  as  pathogens  
resence/absence  of  polymorphonuclear  lympho-
ytes  (PMNs),  epithelial  cells  and  bacteria  was
oted [7].  The  specimens  were  inoculated  onto
% sheep  blood  agar  (SBA)  and  MacConkey  agar
MCA) plates  and  incubated  at  37 ◦C  in  a  3—5%
O2-enriched  atmosphere  for  24—48  h.  Coryneform
acteria, when  isolated,  were  considered  signiﬁ-
ant only  if  (i)  they  were  isolated  as  a  pure  culture
long with  the  presence  of  PMNs  on  Gram  staining,
ii) they  were  repeatedly  isolated  (≥3  times),  (iii)
hey were  present  within  PMNs  on  Gram  staining,
nd (iv)  they  were  clinically  relevant  [8].
Further identiﬁcation  of  all  isolates  was  per-
ormed by  standard  biochemical  tests  [9]. The
oryneform  strains  isolated  were  characterized  by
iochemical  tests  as  described  in  various  studies
5,10,11].
Antimicrobial  susceptibility  testing  of  all  isolates
as performed  using  the  Kirby—Bauer  disc  diffu-
ion method  with  appropriate  antibiotics  (HiMedia
aboratories,  Mumbai,  India)  according  to  the
LSI guidelines  [12].  An  oxacillin  (1  g)  disc  was
sed to  screen  for  methicillin  resistance  in  S.
ureus (MRSA),  and  a  gentamicin  (120  g)  disc
nd streptomycin  (300  g)  disc  were  used  for
he detection  of  high-level  aminoglycoside  resis-
ance (HLAR)  in  enterococci  [13]. Screening  for
xtended-spectrum  beta  lactamase  (ESBL)  produc-
ion was  performed  using  ceftriaxone  (30  g)  and
efoperazone  (75  g).  Conﬁrmation  of  ESBL  and
mpC production  was  performed  as  we  described
reviously [14]. The  antimicrobial  susceptibility
esting of  the  coryneform  isolates  was  performed
ccording to  CLSI  criteria  (Document  M45-A)  [15].
he antibiotic  discs  used  for  the  susceptibility
esting of  coryneform  bacteria  were  amikacin
30 g),  oxacillin  (1  g),  pristinamycin  (15  g),  van-
omycin  (30  g),  erythromycin  (10  g),  gatiﬂoxacin
5 g),  clindamycin  (10  g),  azithromycin  (30  g)
nd sparﬂoxacin  (5  g).
Ethical  clearance  was  obtained  from  the  Institu-
ional Ethical  Clearance  Committee  of  J.N.  Medical
ollege.
Statistical  analyses  were  performed  using  the
hi-square  test.  P-values  ≤  0.05  were  considered
linically signiﬁcant,  and  a  value  of  <0.01  was  highly
igniﬁcant.
esults
 total  of  882  surgeries  (casarean  sections,  hys-
erectomies,  and  laparotomies)  were  performed
uring the  6-month  study  period  from  July  to
ecember 2010.  All  the  patients  in  the  study  had
lean  wounds.  Of  these,  127  patients  presented
C
C
C
cFigure  1  Commonly  isolated  organisms  in  SSI.
ith  probable  SSIs,  representing  an  infection  rate
f 14.3%.  Of  the  pus  samples  collected  from  these
atients,  89  (70.1%)  were  culture  positive,  27
21.2%)  were  reported  as  ‘no  growth,’  and  11  (8.6%)
ere considered  to  be  poorly  collected.
Of  these  patients,  signiﬁcant  clinical  ﬁndings,
uch as  fever  (91%),  discharge  from  the  wound
84%), pain  (94%)  and  tenderness  (100%),  were
bserved.  Patients  in  whom  coryneform  bacteria
ere isolated  were  characterized  by  fever  (100%,
 <  0.01)  and  post-operative  wound  dehiscence
ithin 1  month  (p  <  0.01),  for  which  secondary
uturing was  performed.  Other  clinical  presenta-
ions in  patients  with  coryneform  infection  were
nﬂammation  (96.3%,  p  <  0.05),  tenderness  (74.1%,
 <  0.05)  and  discharge  from  the  wound  (74.1%,
 <  0.05),  as  shown  in  Fig.  1. Superﬁcial  SSIs  were
bserved  in  4  (16%)  coryneform-infected  patients,
hile 23  (84%)  had  deep  SSIs  (p  <  0.001).
icrobiological ﬁndings
mong  the  culture-positive  samples,  40  (44.9%)  iso-
ates were  Gram-positive  cocci,  27  (30.3%)  were
oryneform  bacteria,  and  22  (24.7%)  were  Gram-
egative  bacilli.  The  most  common  bacterial  isolate
as S.  aureus  (33.7%),  followed  by  Corynebac-
erium amycolatum  (11.2%),  Escherichia  coli
8.9%),  Citrobacter  koseri  (7.8%)  and  coagulase-
egative Staphylococci  (CONS)  and  Corynebac-
erium accolens  (7%  each).  Other  organisms
solated from  the  pus  samples  in  descending
rder were  Enterococcus  faecalis,  Klebsiella  pneu-
oniae,  Pseudomonas  aeruginosa,  Acinetobacter
pecies and  Proteus  mirabilis  (Fig.  2).
All the  coryneform  bacteria  included  in  the
tudy were  pure  growths.  The  most  common
oryneform  species  identiﬁed  in  our  patients  were
. amycolatum  (37.1%),  C.  accolens  (22.2%)  and
orynebacterium  afermentans  (14.8%),  followed  by
orynebacterium  striatum, Corynebacterium  glu-
uronolyticum  and  Corynebacterium  minutissimum
286  M.  Rizvi  et  al.
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(Figure  2  Clinical  presentation  of  patients  with  SSIs  (%).
(7.4%  each).  One  isolate  was  identiﬁed  as
Corynebacterium  jeikeium  (Table  1).
Antimicrobial susceptibility pattern
Among  the  S.  aureus  isolates,  18  (60%)  were
MSSA, and  12  (40%)  were  MRSA.  For  Gram-negative
bacilli, 45.5%  were  ESBL  producers,  and  18.2%  were
AmpC producers.  No  HLAR  was  identiﬁed  in  our
study.
The antimicrobial  susceptibility  pattern  of  the
coryneform  bacteria  revealed  that  all  (100%)  our
isolates  were  sensitive  to  vancomycin  and  gati-
ﬂoxacin. The  susceptibility  to  other  antimicrobial
agents was  far  lower.  Amikacin,  gentamicin  and
oxacillin  were  active  against  only  25.9%  of  our
isolates. The  in  vitro  activity  of  azithromycin,
pristinamycin  and  erythromycin  against  coryneform
bacteria was  even  lower,  with  less  than  20%  of  the
isolates being  sensitive  to  each  of  these  agents.
Susceptibility to  clindamycin  was  observed  in  only
22.2% of  the  total  isolates  (Fig.  3).  Susceptibility  to
only vancomycin  and  gatiﬂoxacin  was  observed  in
51.8% of  isolates.
After treatment  with  the  speciﬁc  drug,  which
in most  cases  was  gatiﬂoxacin  or  vancomycin,  dra-
matic improvement  in  the  patient’s  condition  was
observed,  leading  to  the  discharge  of patients
within one  week.
Table  1  Coryneform  spp.  isolated  in  patients  with
SSI.
Coryneform  species  Number  of  isolates  (%)
C.  amycolatum  10  (37.1)
C.  accolens  6  (22.2)
C.  afermentans  4  (14.8)
C.  glucoronolyticum  2  (7.4)
C.  minutissimum  2  (7.4)
C.  striatum  2  (7.4)
C.  jekeium  1  (3.7)
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orms.
iscussion
urgical  site  infections  (SSIs)  are  major  compli-
ations after  surgical  procedures  that  prolong
he hospital  stay,  increase  treatment  cost  and
arkedly  diminish  patient  satisfaction.  Approxi-
ately  500,000  SSIs  are  observed  per  year  in  an
stimated  27  million  surgical  procedures  [16].  SSIs
re the  third  most  commonly  reported  nosocomial
nfections and  account  for  14—16%  of  all  nosocomial
nfections among  hospital  inpatients.  The  incidence
f superﬁcial  SSIs  in  our  study  was  13.1%,  and  the
ncidence  of  deep  SSIs  was  2%.  The  SSI  rate  varies
rom a low  of  25%  to  a  high  of  41.9%  [2].  Infection
ates of  15%  for  clean  and  clean-contaminated  and
5% for  dirty  surgeries  have  been  reported  in  India
17]. This  ﬁnding  compares  well  with  our  ﬁndings.
We evaluated  the  etiology  of  SSIs  with  spe-
ial reference  to  coryneform  bacteria  in  obstetric
nd gynecological  patients  undergoing  surgery  in
ur hospital  and  correlated  the  microbiological
ndings with  clinical  symptoms  and  outcome.  S.
ureus, coagulase-negative  staphylococci,  Entero-
occus spp.,  and  E.  coli  were  the  most  frequently
solated pathogens  in  our  study.  Similar  etiolo-
ies have  been  reported  by  others.  [18]. S.  aureus
33.7%)  was  the  predominant  pathogen,  followed
y C.  amycolatum  (11.2%)  and  E.  coli  (8.9%).
mong the  patients  in  whom  coryneform  bacte-
ia were  isolated,  all  (100%)  had  fever  (p  <  0.01)
nd post-operative  wound  dehiscence  within  1
onth (p  <  0.01).  In  fact,  a  majority  of  cases  with
oryneform  infection  had  deep  SSIs  (84%).  Other
tatistically signiﬁcant  clinical  presentations  in
atients with  coryneform  infection  were  inﬂamma-
ion (96.3%),  tenderness  (74.1%)  and  discharge  from
he wound  (74.1%).  All  the  coryneform  bacteria
ncluded in  the  study  were  pure  growths,  excluding
he possibility  that  the  SSI  could  be  due  to  some
ther etiology.  Wound  infection  with  coryneform
acteria after  cesarean  section  was  reported  by
ther authors  [19].
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Rmergence  of  coryneform  bacteria  as  pathogens  
The  most  frequently  isolated  species  of  coryne-
orm bacteria  in  our  patients  was  C.  amycolatum,
ccounting  for  37.1%  of  all  the  coryneform  strains.
imilar  results  were  reported  by  Olender  and
etowska [20],  who  identiﬁed  C.  amycolatum  in
9.2% of  their  strains.  The  presence  of  C.  amy-
olatum in  prosthetic  joint  infections  and  open
ractures  has  been  reported  [8]. In  a  study  by
ayram et  al.  [21], 10%  of  their  isolates  were  identi-
ed as  C.  accolens.  This  is  comparable  to  the  22.2%
dentiﬁed for  C.  accolens  in  our  study.  C.  striatum
as identiﬁed  in  7.4%  of  our  isolates.  Brandenberg
t al.  [22]  also  isolated  C.  striatum  from  patients
ith serious  nosocomial  infections  and  regarded
hem as  the  cause  of  infection.  In  this  study,  C.
eikeium  only  accounted  for  3.7%  of  isolates,  which
s in  contrast  to  the  18.0%  observed  in  our  previous
tudy [6].  This  result  could  be  due  to  the  lower  num-
er of  immunocompromised  patients  in  the  present
tudy.
The incidence  of  MRSA  in  our  study  was  40%.
his is  comparable  to  the  rates  of  44%  and  38.56%
eported by  others  [23,24].  ESBLs  were  detected  in
5.5% of  cases.  Similar  levels  have  been  reported
n other  studies  [24,25]. The  antimicrobial  suscep-
ibility  pattern  of  the  coryneform  bacteria  revealed
hat most  of  the  isolates  were  multidrug  resis-
ant. Most  recent  studies  have  reported  an  alarming
ate of  antibiotic  resistance  among  coryneform
acteria [6,26].  A  particular  concern  is  the  increas-
ng number  of  penicillin-resistant  strains  among
hem [27].  Resistance  to  -lactam  antibiotics,  clin-
amycin,  erythromycin,  gentamicin,  ciproﬂoxacin
nd azithromycin  is  common,  with  vancomycin,
ristinamycin  and  fusidic  acid  being  the  most  active
n vitro  [10].  In  our  study,  all  isolates  were  sus-
eptible to  both  gatiﬂoxacin  and  vancomycin,  and
1.8% of  isolates  were  only  susceptible  to  these  two
rugs. The  susceptibility  of  coryneform  bacteria  to
ancomycin  in  this  study  is  comparable  to  that  of
ther studies  [20,22]. The  spectrum  of  activity  of
ost antimicrobial  agents  in  the  present  study  was
ow, suggesting  their  limited  therapeutic  potential.
In our  study,  the  administration  of  appropri-
te antibiotic  therapy  for  coryneform  bacteria  led
o the  resolution  of  the  clinical  manifestations
nd improved  clinical  outcome.  After  treatment
ith the  speciﬁc  drug,  which  in  most  cases  was
atiﬂoxacin or  vancomycin,  a  dramatic  improve-
ent in  the  patient’s  condition  was  observed.  The
ultidrug-resistant  characteristic  of  coryneform
acteria may  have  led  to  failure  of  the  preoperative
rophylaxis and  the  standard  empiric  treatment
iven for  SSIs  in  our  center.  Keeping  the  multidrug-
esistant nature  and  nosocomial  transmission  of
oryneform  bacteria  in  mind,  hospital  personnel287
ay  be  screened  for  the  carriage  of  coryneform
acteria, thus  preventing  the  spread  of  infection.
Coryneform  bacteria  are  emerging  as  signiﬁcant
osocomial pathogens,  second  only  to  Gram-
ositive cocci.  While  the  prevalence  of  MRSA  was
0% in  our  study,  51.8%  of  the  identiﬁed  coryne-
orm bacteria  were  sensitive  only  to  vancomycin
nd gatiﬂoxacin.  This  study  emphasizes  the  need
o consider  coryneform  bacteria  as  signiﬁcant  noso-
omial pathogens.  This  is  a baseline  study.  More
xtensive  studies  are  needed  to  assess  the  role  of
oryneform  bacteria  in  SSIs,  their  drug  resistance
atterns and  possible  virulence  factors.
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